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(57) Abstract 

Apparatus (10) for treating dyspnea and improving exercise tolerance in an ambulatory patient comprising: a housing (12) defining 
a form factor having an air inlet (18) and an air outlet (20), the housing (12) being sufficiently small to be readily mounted to the body of 
an ambulatory patient (39); a pressure generator (41) within the defined form factor of the housing (12) for drawing ambient air into the 
air inlet (18) and delivering the air at a select pressure greater than ambient pressure to the outlet (20); a strap (14) on the housing (12) 
for releasably attaching the housing (12) to the patient (39); a flexible conduit (22) attached at a proximal end to the air outlet (20) of the 
housing (12); a connector (24) attached at a distal end of the conduit (22) for connecting the distal end of the conduit (22) to an airway of 
the patient (39); and a releasable coupling (28) between the strap (14) and the connector (24). 
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BACKGROUND OF THE INVENTION 
Technical Field 

The present invention is directed toward relieving dyspnea and improving 
exercise tolerance in patients subject to respiratory distress, andmore particularly toward 
a method and apparatus for relieving dyspnea and improving exercise tolerance in 
ambulatory patients subject to respiraiory distress. 

Background Art 

Patients subject to respiratory disorders such as Chronic Obstructive 
Pulmonary Disease ("COPD") often suffer dyspnea or breathiessness while exercising. 
By "exercising 11 we mean activities beyond the resting state, e.g., the act of walking short 
distances. The dyspnea and the fear of a spell of dyspnea creates great anxiety in such 
patients and can severely limit their ability to perform even the most simple tasks such 
as walking to the end of the driveway to pick up a newspaper. There is, therefore, a 
compelling need for a way of preventing or relieving a spell of dyspnea and improving 
exercise tolerance in such ambulatory patients. Such relief will allow greater mobility 
for such patients so that they can perform more functions on their own, thereby 
enhancing the patient's quality of life while reducing dependence on costly outside 
assistance. 

One method of treating dyspnea is application of medication such as 
bronchodilators. While in some instances such medications can be effective for a given 
patient, they do not provide immediate relief from the dyspnea and sometimes do litde 
to improve exercise tolerance. Thus, a patient who is out for a walk may be forced to 
endure the dyspnea for a considerable period of time before experiencing any relief. The 
resultant anxiety such a patient suffers while being extremely short of breath can 
exasperate the dyspnea causing the patient to become disoriented and unstable, subj ecting 
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the patient to potential serious injury. Moreover, a given bronchodilator may not be 
effective for a given patient. 

Another method for treating dyspnea and improving exercise tolerance is 
providing supplementary oxygen from either a gaseous or liquid oxygen supply. This 
5 method attempts to relieve the patient by enriching the oxygen content of the limited 

amount of air the patient is able to breathe while subject to COPD. Unfortunately, 
merely providing oxygen enriched air does not relieve the distressful feeling of the 
patient in many instances, for example where dynamic hyperinflation of the lungs exists. 
Therefore, supplementary oxygen in such instances does little to treat or prevent dyspnea, 

10 but merely tries to ensure the patent will get a sufficient supply of oxygen in their blood 

stream. These oxygen supplementing devices also suffer other serious problems. Gas 
delivery devices are inherently bulky and heavy by virtue of the compressed gas having 
to be contained in a sufficiently thick walled cylinder. Liquid delivery systems do not 
afford the patient the capability of refilling the liquid oxygen without access to a liquid 

15 base station. Moreover, both systems require constant replenishment, making the 

systems both inconvenient and expensive. 

Continuous Positive Airway Pressure ("CPAP") devices are well known 
in the an and have been used to provide respiratory assistance and to treat breathing 
disorders such as COPD and Obstructive Sleep Apnea ("OSA"). One example of a 

20 device capable of providing CPAP which may be beneficial for treating dyspnea for a 

non-ambulatory patient is described in Rapoport, U.S. Patent No. Re. 35,339. However, 
such a device is unsuited for treatment of an ambulatory patient because it is bulky and 
heavy to carry and does not allow control of pressure by the patient. 

CPAP is also a ventilation mode available on commercial intensive care 

25 unit ventilators and is typically used to wean a patient off a ventilator post-operatively . 

Portable ventilators such as the AUTO VENT 2000 and 3 000 are available for emergency 
life support, but require a source of pressurized air from a gaseous supply, and therefore 
suffer the problems discussed above. The LP6 volume ventilator distributed by 
Aequetron can provide alternative ventilation modes, but cannot provide CPAP. In 
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addition, it is too heavy and bulky for attachment to an ambulatory patient, and is in fact 
typically used for wheel chair bound patients. 

The prior art also teaches a variety of portable personal ventilating 
systems for delivering filtered air to a user in a contaminated environment. For example. 
O'Connor, U.S. Patent No. 4,590,951, teaches a body mounted blower for supplying 
filtered air through a flexible conduit to the airway of a user in a dusty environment. 
O'Connor also teaches supplying the filtered air at a greater pressure during inhalation 
than exhalation. While such personal ventilators have the advantage of being readily 
attached to an ambulatory person, these devices are not designed to provide respiratory 
assist to a patient subject to respiratory distress, such as dyspnea. They typically require 
both the mouth and nose to be covered and do not address themselves to providing 
portable CPAP delivery. 

The present invention is directed toward overcoming one or more of the 
problems discussed above. 

SUMMARY OF THE INVENTION 

A first aspect of the invention is a method for treating dyspnea and 
improving exercise tolerance in an ambulatory patient which includes providing a 
housing defining a form factor having an air inlet and an air outlet, the housing being 
sufficiently small to be readily mounted to the body of an ambulatory patient. A pressure 
generator is provided in the defined form factor of the housing for drawing ambient air 
in the air inlet and delivering the air at a select pressure greater than ambient pressure to 
the air outlet. The housing is reieasably attached to the body of the patient and the 
pressurized air is conveyed to the patient airway. Pressure is maintained in the airway, 
sufficiently greater than the pressure in the airway when the patient is breathing under 
ambient conditions, to relieve the dyspnea and improve the exercise tolerance of the 
ambulatory patient. An adjustable control may be provided for varying the select 
pressure as necessary to prevent the occurrence of dyspnea while minimizing patient 
discomfort. The air may be filtered before it reaches the air outlet to provide a clean air 
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supply to the patient, thereby minimizing the risk of introducing irritants to normal 
respiration. 

The method described above may ftirther include the provision of 
supplemental oxygen to yield a selected elevated concentration of oxygen in the patient 
5 gas mixture. 

. A second aspect of the present invention is an apparatus for treating 
dyspnea and improving exercise tolerance in an ambulatory patient. The apparatus 
includes a housing defining a form factor having an air inlet and an air outlet, the housing 
being sufficiently small to be readily mounted to the body of an ambulatory patient. A 

10 pressure generator is located within the defined form factor of the housing for drawing 

ambient air into the air inlet and delivering the air at a select pressure greater than 
ambient pressure to the outlet. A strap is provided on the housing for releasably 
attaching the housing to a patient. A flexible conduit is attached at a proximal end to the 
air outlet of the housing. A connector attached at a distal end of the conduit connects the 

1 5 distal end of the conduit to the patient airway. A releasabie coupling is provided between 

the strap and the connector so that the connector can be readily accessed by a patient in 
need of respiratory assist. 

Another aspect of the invention is an apparatus for treating dyspnea in an 
ambulatory patient including a housing defining a form factor having an air inlet and an 

20 air outlet, the housing being sufficiently small to be readily mounted to the body of an 

ambulatory patient. A pressure generator is provided within the defined form factor of 
the housing for drawing ambient air into the air inlet and delivering the air at a select 
pressure greater than ambient pressure to the outlet* A strap is provided on the housing 
for releasably attaching the housing to a patient. A flexible conduit is attached at a 

25 proximal end to the air outlet of the housing and a connector is attached at a distal end 

of the conduit for connecting the distal end of the conduit to the patient airway. A 
regulator is provided within the form factor in communication with an oxygen supply to 
provide for delivery of an air oxygen mixture to the outlet at a select elevated level of 
oxygen concentration. 
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Yet another aspect of the present invention is an apparatus for delivering 
pressurized gas to the airway of a patient who is breathing in repeated breathing cycles, 
each cycle including an inspiration and exhalation phase. The apparatus includes a 
generator of a flow of gas. A conduit conveys the flow of gas to the airway of a patient. 
5 An exhalation vent is provided in fluid communication with the conduit in operative 

association with the patient airway for passing exhaled gas to the atmosphere. A pressure 
sensor is in fluid communication with the conduit and the pressure sensor outputs a 
signal indicative of the pressure in the conduit. A diversion vent has an inlet in fluid 
communication with the conduit and an outlet to the atmosphere. A diversion valve in 

10 fluid communication with the diversion vent selectively permits and prevents a portion 

of the flow of gas to flow through the diversion vent. A first threshold valve is 
operatively associated with the diversion vent for permitting outlet of a portion of the 
flow of gas to the atmosphere when the pressure in the diversion vent is above a select 
diversion vent pressure. A controller receives the signal from the pressure sensor and is 

15 operatively associated with the diversion valve. The controller actuates the valve to 

permit gas to flow through the diversion vent when the signal indicates a first select rate 
of increase in pressure and actuates the valve to prevent flow through the diversion vent 
when the signal indicates a second select rate of decrease in pressure. 

The apparatus may also include a second threshold valve in fluid 

20 communication with the conduit to maintain a constant pressure in the conduit. The 

second threshold valve permits outiet of a portion of the flow of gas to the atmosphere 
when the pressure in the conduit is above a select conduit pressure. Alternatively, where 
no second threshold valve is provided, a control may be associated with the generator for 
causing the generator to generate a substantially constant flow rate of gas. 

25 The controller is alternatively made to actuate the diversion valve open 

after some select period after the controller actuates the diversion valve closed. As a 
further aspect of the invention, the controller alternatively actuates the diversion valve 
open for an expiration phase period and actuates the diversion valve closed for an 
inspiration phase period to provide a breathing cycle for the patient. 
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The method of treating dyspnea and improving exercise tolerance in an 
ambulatory patient provides virtually instantaneous relief from the distressful and 
harmful effects of dyspnea. The method may by administered wherever the patient might 
be because the respiratory assistance device is readily transportable by an ambulatory 
5 patient. Because the method further provides for the introduction of air to a patient at 

enhanced oxygen concentrations, even where the dyspnea is too severe to be treated 
effectively by the method, enriched oxygen air is delivered to the patient to ensure 
adequate supply of oxygen in the patient's limited breaths. The apparatus for treating 
dyspnea is compact, lightweight and readily carried by even an infirm ambulatory patient. 

10 The patient connector is readily available to the patient by virtue of the reieasable 

coupling between the strap and the connector. Because the apparatus is battery powered, 
an ambulatory patient has complete freedom of movement when using the apparatus. 
The apparatus may be used with rechargeable batteries, thereby further decreasing the 
cost of use and facilitating acceptance in the home care market. F inall y, the apparatus 

15 is capable of providing greater pressure to the* lungs during inspiration than during 

exhalation, so called bi-levei positive airway pressure or pressure support ventilation, 
which minimizes patient discomfort in overcoming the high inspiratory pressure assist 
during the exhalation period, such as occurs when the CPAP modality is used. 
Alternatively, the apparatus can provide a short burst of elevated pressure gas during the 

20 inception of an inspiration phase, so called burst of positive airway pressure or 

"BurstPAP". These features are provided in an extremely low cost assembly, making the 
advantages more readily available to the public. 
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Additionally the invention provides a method of 
treating dyspnea and improving exercise tolerance in an 
ambulatory patient wherein the method comprises: 

(a) providing a housing defining a form factor having 
5 an air inlet and an air outlet, the housing being 

sufficiently small to be readily mounted to the 
body of an ambulatory patient; 

(b) providing a pressure generator within the defined 
form factor of the housing for drawing ambient air 

10 in the air inlet and delivering the air at a 

select pressure greater than an ambient pressure 
to the air outlet; 

(c) releasably attaching the housing to the body of 
the patient; 

15 (d) conveying the pressurized air to the airway of the 
patient; and 

(e) maintaining a pressure in the airway sufficiently 
greater than ambient pressure to relieve the 
dyspnea of the ambulatory patient. 

20 In one embodiment of the invention the method further 
comprises : 

(f) providing means for varying the select pressure; 
and 

(g) varying the select pressure as necessary to 

25 prevent occurrence of dyspnea while minimizing 

patient discomfort. 



7 



WO 99/13931 



PCT/IE98/00079 



In another embodiment of the invention the method 
further comprises in step (b) filtering the air before 
the air outlet. 



In a further embodiment of the invention the method 
5 further comprises: 

(f) altering the patient when the electric source is 
sufficiently depleted that the pressure generator 
will cease operating within a select period of 
time • 



10 Preferably, the method further comprises: 

(f) providing supplemental oxygen between the air 
inlet and the air outlet to yield a select 
elevated concentration of oxygen. 

In one embodiment of the invention the pressure 
15 generator is electrically powered, the method further 
comprising: 

(f) providing an electric source electronically 
coupled to the pressure generator within the 
housing. 

20 Advantageously, in the step (e) the airway pressure is 
maintained at about a first select pressure greater 
than ambient pressure during inspiration and at about a 
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second select pressure greater than ambient pressure 
during exhalation, the first select pressure being 
greater than the second select pressure. 

Advantageously, in the step (e) the first select 
5 pressure is maintained at a level providing respiratory 
assist to the ambulatory patient during at least the 
inception of inspiration and the second select pressure 
is maintained at a level which serves to keep the 
alveoli from collapsing prior to the inception of 
10 inspiration. 

Ideally, in the step (e) the first select pressure is 
maintained for only a portion of inspiration at the 
inception of inspiration. 

In one embodiment of the invention the method further 
comprises : 

(f) monitoring the airway pressure and after the 

pressure drops at a first select rate, maintaining 
the first select airway pressure and after the 
pressure rises at a second select rate, 
maintaining the second select airway pressure. 

Further the invention provides apparatus for treating 
dyspnea and improving exercise tolerance in an 
ambulatory patient wherein the apparatus comprises: 



15 



20 
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a housing defining a form factor having an air 
inlet and an air outlet, the housing being sufficiently 
small to be readily mounted to the body of an 
ambulatory patient; 
5 a pressure generator within the defined form 

factor of the housing for drawing ambient air into the 
air inlet and delivering the air at a select pressure 
greater than ambient pressure to the outlet; 

a strap on the housing for releasably attaching 
10 the housing to the patient; 

a flexible conduit attached at a proximal end to 
the air outlet of the housing; 

a connector attached at a distal end of the 
conduit for connecting the distal end of the conduit to 
15 an airway of the patient; and 

a releasable coupling between the strap and the 
connector . 

In one embodiment of the invention the pressure 
generator is electrically powered. 

20 In another embodiment of the invention the apparatus 

further comprises an electric source within the housing 
electronically coupled to the pressure generator. 

Preferably, the apparatus further comprises a means for 
introducing oxygen between the air inlet and the air 
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outlet to deliver air to the outlet at a select 
elevated concentration of oxygen. 

In one embodiment of the invention the connector is a 
nose piece. 

5 Alternatively, the connector is a mouth piece. 

Alternatively, the connector is a face mask. 

Alternatively, the connector is a tracheostomy fitting. 

Preferably, the apparatus further comprises a means for 
varying the select pressure delivered to the outlet. 

10 Further the invention provides apparatus for treating 
dyspnea and improving exercise tolerance in an 
ambulatory patient wherein the apparatus comprises; 

a housing defining a form factor having an air 
channel with an air inlet and an air outlet, the 
15 housing being sufficiently small to be readily mounted 
to the body of an ambulatory patient; 

a pressure generator within the defined form 
factor of the housing for drawing ambient air into the 
air inlet and delivering the air at a select pressure 
20 greater than ambient pressure to the outlet; 

a strap on the housing for releasably attaching 
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the housing to the patient; 

a flexible conduit attached at a proximal end to 
the air outlet of the housing; 

a connector attached at a distal end of the 
5 conduit for connecting the distal end of the conduit to 
an airway of the patient; 

an oxygen regulator in fluid communication with 
the air channel within the form factor; 

a means for connecting the oxygen regulator to a 
10 supplemental oxygen supply; and 

a means coupled to the regulator for controlling 
the regulator to introduce supplemental oxygen in the 
air channel to provide a select elevated concentration 
of oxygen at the air outlet. 



15 Additionally the invention provides apparatus for 

delivering pressurized gas to the airway of a patient 
who is breathing in repeated breathing cycles each 
including an inspiration and an exhalation phase 
wherein the apparatus comprises: 
20 a generator of a flow of gas; 

a conduit for conveying the flow of gas to the 
airway of the patient at a first select pressure; 

an exhalation port in fluid communication with the 
conduit in operative association with the patient 
25 airway for passing exhaled gas to the atmosphere; 

a pressure sensor in fluid communication with the 
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conduit, the pressure sensor outputting a signal 
indicative of the pressure in the conduit; 

a diversion vent having an inlet in fluid 
communication with the conduit; 
5 a diversion valve in fluid communication with the 

diversion vent for selectively permitting and 
preventing a portion of the flow of gas to flow through 
the diversion vent; 

a first threshold valve operatively associated 

10 with the diversion vent for permitting outlet of gas to 
the atmosphere when the pressure in the diversion vent 
is above a second select pressure; and 

a control means receiving the signal from the 
pressure sensor and operatively associated with the 

15 diversion valve, the control means actuating the valve 
to permit gas flow through the diversion vent when the 
signal indicates an increase in pressure at a first 
select rate and actuating the valve to prevent flow 
through the diversion vent when the signal indicates a 

20 decrease in pressure at a second select rate. 

In one embodiment of the invention the apparatus 
further comprises a means associated with the generator 
for causing the generator to generate a substantially 
constant flow rate of gas . 

25 In another embodiment of the invention the apparatus 
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further comprises a second threshold valve in fluid 
communication with the conduit, the second threshold 
valve permitting outlet of gas to the atmosphere when 
the pressure in the conduit is above the first select 
5 pressure. 

In a still further embodiment of the invention the 
generator comprises : 

an electric motor; 

a blower driven by the electric motor, 
10 an electric source coupled to the motor; 

a means for producing a blower signal indicative 
of the blower output; and 

a controller receiving the blower signal, the 
controller being coupled to the electric source to 
15 increase or decrease current or voltage to the motor as 
required to maintain a substantially constant rate of 
air flow output of the blower. 

Preferably, the apparatus further comprises a means 
operatively associated with the second threshold valve 
20 for varying the first select pressure. 

Advantageously, the apparatus further comprises a means 
operatively associated with the first threshold valve 
for varying the second select pressure. 



14 



WO 99/13931 



PO7IE98/00079 



Ideally, the control means will actuate the valve to 
permit gas flow through the diversion vent only if the 
increase in pressure at the first select rate is 
detected after the pressure sensor has indicated 
5 pressure at the first select pressure for longer than a 
select period. 

Preferably, the select period is about 200-300 
milliseconds . 

Advantageously, the control means will actuate the 
10 valve to prevent gas flow through the diversion vent 
only if the decrease in pressure of the second select 
rate is detected after the pressure sensor has 
indicated pressure at the second select pressure for 
longer than a second select period. 

15 Preferably, the select period is about 200-300 
milliseconds . 

The invention also provides apparatus for delivering 
pressurized gas to the airway of a patient who is 
breathing in repeated breathing cycles each including 
20 an inspiration and an exhalation phase wherein the 
apparatus comprises : 

a generator of a flow of gas; 

a conduit for conveying the flow of gas to the 
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airway of the patient at a first select pressure; 

an exhalation port in fluid communication with the 
conduit in operative association with the patient 
airway for passing exhaled gas to the atmosphere; 
5 a pressure sensor in fluid communication with the 

conduit, the pressure sensor outputting a signal 
indicative of the pressure in the conduit; 

a diversion vent having an inlet in fluid 
communication with the conduit; 

10 a diversion valve in fluid communication with the 

diversion vent for selectively permitting and 
preventing a portion of the flow of gas to flow through 
the diversion vent; 

a first threshold valve operatively associated 

15 with the diversion vent for permitting outlet of gas to 
the atmosphere when the pressure in the diversion vent 
is above a second select pressure; and 

a control means receiving the signal from the 
pressure sensor and operatively associated with the 

20 diversion valve, the control means actuating the valve 
to prevent flow through the diversion vent when the 
signal indicates a decrease in pressure at a first 
select rate and actuating the valve to permit flow 
through the diversion vent at the conclusion of a 

25 select period after the valve was actuated to prevent 
flow through the diversion vent. 
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Preferably, the select period is about equal to the 
time it takes a patient's chest muscles to assume most 
of the work of an inspiration phase of a breathing 
cycle . 

5 Advantageously , the apparatus further comprises a 

second threshold valve in fluid communication with the 
conduit, the second threshold valve permitting outlet 
of gas to the atmosphere when the pressure in the 
conduit upstream of the second threshold valve is above 
10 the first select pressure. 

Preferably, the apparatus further comprises a means 
associated with the generator for causing the generator 
to generate a substantially constant flow rate of gas. 

Advantageously, the apparatus further comprises a means 
15 operatively associated with second threshold valve for 
varying the first select pressure. 

Ideally, the apparatus further comprises a means 
operatively associated with the first threshold valve 
for varying the second select pressure. 

2 0 The invention also provides a kit for modifying a 
respiratory assist device from a continuous airway 
pressure (CPAP) to a bi-level pressure support assist 
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device, the respiratory assist device comprising a 
generator of a substantially consistent first select 
pressure flow of gas and a conduit for delivering the 
flow gas to the airway of a patient, wherein the kit 
5 comprises: 

a diversion vent having an inlet adapted for 
connection in fluid communication with the conduit of 
the respiratory assist device; 

a pressure sensor in fluid communication with the 

10 diversion vent, the pressure sensor outputting a signal 
indicative of the pressure in the diversion vent; 

a diversion valve in fluid communication with the 
diversion vent downstream of the pressure sensor for 
selectively permitting and preventing flow of gas 

15 through the diversion vent; 

a first threshold valve operatively associated 
with the diversion vent for permitting flow of gas to 
the atmosphere when the pressure in the diversion vent 
is above a second select pressure; and 

20 a control means receiving the signal from the 

pressure sensor and operatively associated with the 
diversion valve, the control means actuating the valve 
to permit gas flow through the diversion vent when the 
signal indicates an increase in pressure at at least a 

25 first select rate and actuating the valve to prevent 
flow through the diversion vent when the signal 
indicates a decrease in pressure at at least a second 

18 
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select rate. 

The invention also provides a kit comprising a second 
threshold valve having an inlet adapted for connection 
in fluid communication with the conduit of the 
5 respiratory assist device upstream from the diversion 
vent, the second threshold valve permitting outlet of 
gas to the atmosphere when the pressure in the conduit 
is above the first select pressure. 

The invention also provides a kit for modifying a 
10 respiratory assist device from a continuous positive 
airway pressure (CPAP) to a bi-level pressure support 
assist device, the respiratory assist device comprising 
a generator of a substantially consistent first select 
pressure flow of gas and a conduit for delivering the 
15 flow gas to the airway of a patient, wherein the kit 
comprises : 

a diversion vent having an inlet adapted for 
connection in fluid communication with the conduit of 
the respiratory assist device; 
20 a pressure sensor in fluid communication with the 

diversion vent, the pressure sensor outputting a signal 
indicative of the pressure in the diversion vent; 

a diversion valve in fluid communication with the 
diversion vent downstream of the pressure sensor for 
25 selectively permitting and preventing flow of gas to 
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flow through the diversion vent; 

a first threshold valve operatively associated 
With the diversion vent for permitting flow of gas to 
the atmosphere when the pressure in the diversion vent 
5 is above a second select pressure; and 

a control means receiving the signal from the 
pressure sensor and operatively associated with the 
diversion valve, the control means actuating the valve 
to prevent flow through the diversion vent when the 
10 signal indicates a decrease in pressure at a first 
select rate and actuating the valve to permit flow 
through the diversion valve at the conclusion of a 
select period after the valve was actuated to prevent 
flow through the diversion vent. 



15 The invention also provides a kit for modifying a 

respiratory assist device from a continuous positive 
airway pressure (CPAP) to a bi-level pressure support 
assist device, the respiratory assist device comprising 
a generator of a substantially consistent first select 

20 pressure flow of gas and a conduit for delivering the 
flow gas to the airway of a patient, wherein the kit 
comprises ; 

a diversion vent having an inlet adapted for 
connection in fluid communication with the conduit of 
25 the respiratory assist device; 

a pressure sensor in fluid communication with the 
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diversion vent, the pressure sensor outputting a signal 
indicative of the pressure in the diversion vent; 

a diversion valve in fluid communication with the 
diversion vent downstream of the pressure sensor for 
5 selectively permitting and preventing a portion of the 
flow of gas to flow through the diversion vent; 

a first threshold valve operatively associated 
with the diversion vent for permitting flow of gas to 
the atmosphere when the pressure in the diversion vent 

10 is above a second select pressure; and 

a control means receiving the signal from the 
pressure sensor and operatively associated with the 
diversion valve, the control means actuating the valve 
to permit gas flow through the diversion vent when the 

15 signal indicates an increase in pressure of at least a 
first select amount above the first select pressure and 
actuating the valve to prevent flow through the 
diversion vent when the signal indicates a decrease in 
pressure of at least a second select amount below the 

20 second select pressure. 

Further, the invention provides apparatus for 
delivering pressurized gas to the airway of a patient 
who is breathing in repeated breathing cycles, each 
including an inspiration and an exhalation phase, 
2 5 wherein the apparatus comprises: 

a generator of a flow of gas; 
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a conduit for conveying the flow of gas to the 
airway of the patient at a first select pressure; 

an exhalation port in fluid communication with the 
conduit in operative association with the patient 
5 airway for passing exhaled gas to the atmosphere; 

a pressure sensor in fluid communication with the 
conduit, the pressure sensor outputting a signal 
indicative of the pressure in the conduit; 

a diversion vent having an inlet in fluid 
10 communication with the conduit; 

a diversion valve in fluid communication with the 
diversion vent for selectively permitting and 
preventing flow of gas through the diversion vent; 

a first threshold valve operatively associated 
15 with the diversion vent for permitting outlet of gas to 
the atmosphere when the pressure in the diversion vent 
is above a second select pressure; and 

a control means receiving the signal from the 
pressure sensor and operatively associated with the 
2 0 diversion valve, the control means actuating the valve 
to permit gas flow through the diversion vent when the 
signal indicates an increase in pressure at least a 
first select amount above the first select pressure and 
actuating the valve to prevent flow through the 
2 5 diversion vent when the signal indicates a decrease in 
pressure of at least a second select amount below the 
second select pressure. 

Brief Description of the Drawings 

Fig. 1 is a perspective view of an apparatus for 
30 treating dyspnea in an ambulatory patient in 

accordance with the present invention; 
Fig. 2 is a perspective view of the apparatus of 
Fig. 1 worn on the side of a patient in a ready 
position; 
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Fig. 3 is a perspective view of the apparatus of Fig. 1 worn on the side of 
a patient in use: 

Fig. 4 is a perspective view of the apparatus of Fig. 1 illustrated on the 
back of a patient; 

Fig. 5 is a functional block diagram of the components of the apparatus 

of Fig. 1; 

Fig. 6 is a functional block diagram of the control circuit of Fig. 5; 

Fig. 7 is a schematic representation of the apparatus for relieving dyspnea ■ 
in an ambulatory patient of Fig. 1; 

Fig. 8 is an alternate embodiment of Fig. 7 including a schematic 
illustration of an apparatus for enabling air to be provided to the patient at different 
pressures; 

Fig. 9 is an alternate embodiment of the apparatus of Fig. 8; and 

Fig. 10 is a graph of bi-level pressure versus time generated during a 

breathing cycle, with P high being the inspiration pressure level and P low being the 

exhalation pressure level. 

Detailed Descri ption of the Preferred Embodiment 
The portable respirator or apparatus/ ^or relieving dyspnea in an 
ambulatory patient is illustrated in perspective view in Fig. L The apparatus consists 
of a housing 12 which defines an internal form factor. The housing 12 is sufficiently 
small to be readily worn by a patient as illustrated in Figs. 2-4. A dual element mounting 
strap 14 is attached to the housing so that the housing may be mounted to a patient. 

On the face of the housing 12 is an air inlet 18 and on top is an air outlet 
20. Air flow from the air outlet 20 is passed through a flexible conduit 22 to a mouth 
piece 24, which can be any suitable patient connector. Other patient connectors which 
may be used in lieu of a mouth piece include a mask, a nose piece, a nasal cannula, an 
endotracheal tube, a tracheostomy fitting or any other suitable appliance for interfacing 
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between a source of breathing gas and the airway of the patient consistent with the 
intended purpose of the apparatus 10. 

The mouth piece 24 includes a suitable exhaust port, indicated 
schematically at 26. The exhaust port exhausts breathing gases during expiration and is 
preferably configured to allow build up of suitable pressure to provide the desired 
respiratory assist described in greater detail below. Such exhaust ports are known in the 
art and the choice and location of the precise exhaust port to be used with this invention 
is considered to be a matter of design choice. 

. A reieasable coupling 28 is located between the strap 14 and proximate 
to the distal end of a flexible conduit 22. As illustrated in Fig. i, the reieasable coupling 
comprises a tab 30 affixed to the mouth piece 24. Alternatively, the tab 30 may be 
located on the conduit 22 proximate the mouth piece 24. The reieasable coupling 23 also 
includes a receptor 32 mounted on the strap 14 into which the tab 30 can be slidably 
engaged. Other reieasable couplings such as a VELCRO loop and hook fastener may 
also be suitable. 

The housing 12 also includes on its exterior surface a pressure control 
switch 34, an indicator light 36 and an oxygen concentration control panel 38. 

As illustrated in Figs. 2 ? 3 and 4, the housing 12 may be mounted either 
to the side of patient or to a patient's back using the mounting strap 14. In either 
instance, the reieasable coupling 28 is located on the strap 1 4 on the patient' s chest such 
that the mouth piece 24 is conveniently and readily accessible by a patient 39. 

The components contained within the housing 12 are illustrated in block 
form in Figs. 5 and 6. Air is driven between the air inlet 1 8 and the air outlet 20 through 
an air flow channel 40 by a blower 41 consisting of a DC electric motor 42 and an 
impeller 44. A filter 46 is snap fit to the housing 12 so that particulates are removed as 
air indicated by the arrows 48 enters the inlet 18. The motor 42 is coupled to a control 
circuit 50 at 51. As described in greater detail with regard to Fig. 6, the control circuit 
50 processes inputs from the pressure control 34, sensors associated with the motor and 
the control panel 3 8 to maintain operation of the apparatus 10. Also contained within the 
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housing 12 is a DC power source or battery 52. The battery is coupled at 53 to the 
control circuit 50 which in turn delivers electric energy under pulse with modulation, to 
the DC electric motor 42 via the coupling 5 1 . 

A regulator 56 has an inlet 57 and an outlet 58, the outlet 58 being in fluid 
communication with the airflow channel 40 between the inlet 1 8 and the outlet 20 of the 
housing 12. As shown, the regulator outlet 58 is upstream from the impeller 44. The 
regulator outlet could alternatively bleed into the airflow channel upstream from the 
impeller 44. The regulator 56 is electrically coupled to the control circuit 50 at 59 so that 
operation of the regulator 56 may be controlled by the control circuit 50. The inlet 57 
may be connected in fluid communication with a remote oxygen supply 60. With the 
inlet 57 connected to the oxygen supply 60, supplemental oxygen may be provided in a 
select concentration ranging from 21% to near 100%. 

The control circuit 50 is shown in greater detail in the functional block 
diagram of Fig. 6. The control circuit 50 includes a power stage 70 for delivering three 
phase power to the windings of the motor 42 through the electrical conduit 72. A current 
detector 74 is in electrical communication with the conduit 72 and delivers a signal 
indicative of the current in the conduit 72 to the control stage via the connection 76. A 
Hall sensor 78 is coupled at 80 to the output shaft 82 of the motor 42 and sends a signal 
via the connection 84 to the control stage 88, which may be a microprocessor. The 
control stage 88 contains logical circuitry or is programmed to receive inputs from the 
current detector 74 and the Hail sensor 78 along with the pressure control 34 which 
enables it to control the voltage delivered to the power stage 70 by connection 90 so that 
air is delivered to the outlet 20 at a select pressure. The control stage 88 also includes 
logical circuitry for controlling to what extent oxygen is introduced by the regulator 56 
through the outlet 58 into the air flow channel 40 between the inlet IS and the outlet 20. 
The control stage 88 further monitors the power output of the battery 52 and displays an 
indication of the battery level by the indicator light 36. The indicator light 36 preferably 
includes a number of illuminated panels. As power is consumed^ the lights serially turn 
off to apprize the user of the approximate power remaining in the battery. When the 
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control stage 88 determines that the battery level is insufficient to support sustained 
operation, an indicator alerts the patient. The indicator could be an audible or visible 
alarm. 

In use, a patient prone to dyspnea or requiring improved exercise 
tolerance, such as a patient suffering from COPD, mounts the housing 12 to his body 
using the strap 14 in either manner illustrated in Figs- 2-4. Generally the configuration 
illustrated in Figs. 2 and 3 is preferred because of ease of access to the controls on the 
housing. The mouth piece is thus conveniently located on the user's chest. Should the 
user begin experiencing breathlessness, the mouth piece can be readily brought into 
operative engagement in the mouth of the user and the pressure control 34 can be turned 
on to begin delivering pressurized air to the outlet 20 and the patient's airway. The 
delivered air at elevated pressure relieves dyspnea by reducing the patient's work of 
breathing. This is accomplished by the air at elevated pressure keeping open alveoli 
which otherwise collapse, such as happens in emphysema. In this manner, the patient 
receives air as soon as the breath effort is initiated. The patient uses the pressure control 
34 to allow air to be delivered at a select pressure to the outlet 20 and ultimately the 
patient's airway which alleviates the dyspnea, thereby relieving patient distress. If 
required, supplemental oxygen is available through adjustment of the control panel 38. 

Fig. 7 illustrates schematically the flow of air in the apparatus /for 
relieving dyspnea - Air is conveyed from the air outlet 20 of the housing 12 through 
the flexible conduit 22 to patient mouth piece 24. The mouth piece 24 has an exhaust 
port 26. In operation, with the mouth piece received in the mouth of a patient and the 
blower operating inside the housing, pressurized air flows to the mouth piece. The air 
is maintained at a substantially constant pressure by keeping the gas flow rate 
substantially constant by controlling blower output and venting the gas flow through the 
exhaust port 26. The blower output is kept substantially constant by monitoring the rate 
of rotation of the output shaft of the motor and adjustment of the current or supplied to 
the motor to keep the rate of rotation of the output shaft substantially constant (see 
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discussion above). The apparatus is configured to provide air at between 0- 1 5 cm H,0 
above ambient air pressure, as selected by the patient. 

Fig. 8 illustrates schematically an alternate embodiment of the apparatus 
for relieving dyspnea in an ambulatory patient 10'. For simplicity, like elements will 
have the same reference numeral as the foredescribed embodiment, only including a 
prime. The embodiment 10' is an apparatus for providing a flow of air at a first select 
pressure greater than ambient pressure during inspiration and a second select pressure 
greater than ambient during exhalation, the first select pressure being greater than the 
second select pressure. As in the embodiment illustrated in Fig. 7, this embodiment 
includes a blower housing 12' having a conduit 22 r connected at the oudet 20' with the 
conduit 22' terminating at the mouth piece 24'. The mouth piece 24' includes an exhaust 
port 26'. The first select pressure is maintained by keeping the blower output 
substantially constant, as described above with reference to Fig. 7. Of course, the voltage 
or current to the blower motor may be varied to vary the first select pressure. 

In this embodiment, a diversion vent 1 10 is in fluid communication with 
the conduit 22\ The diversion vent 1 10 as illustrated consists of a diversion conduit 1 12 
which terminates at a positive end expiratory pressure ("PEEP") valve 1 14. As is readily 
understood by those skilled in the art, the PEEP valve functions as a threshold valve 
which vents air through the outlet 1 16 when the pressure in the diversion conduit 1 12 
exceeds some select threshold corresponding to the second select pressure. In this 
application, the threshold pressure would be slightly above ambient pressure to provide 
a level of pressure to maintain lung alveoli open to a greater extent than under ambient 
pressure. Typically this pressure would be about 1-5 cm H 2 0 above ambient pressure. 
The PEEP valve 1 14 is preferably adjustable to vary the second select pressure. One 
form of a variable PEEP valve is described in Rapoporu U.S. Patent No. 5,065,756. A 
diversion valve 113 is in fluid communication with the diversion vent. The diversion 
valve selectively permits and prevents a flow of gas through the diversion vent 1 1 0 by 
opening or closing the diversion conduit 1 12 at the seat 120. More particularly, in the 
embodiment illustrated in Fig. S, the diversion valve 118 pneumatically actuates a 
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mushroom valve 122. An exhaust port 1 24 is provided in the pneumatic diversion valve 
1 1 3 to vent the gas used to drive the mushroom valve 122 into abutment with the seat 
120. In order to provide gas to actuate the mushroom valve 122, the pneumatic diversion 
valve 1 1 S is in fluid communication through the diversion valve conduit 126 with the 
conduit 22'. 

Also in fluid communication with the conduit 22* through a pressure 
sensor conduit 123 is a pressure sensor 130. The pressure sensor 130 is in turn 
electrically coupled to the controller 132 by connection 134. Connection 136 maintains 
the controller 132 in electric communication with the pneumatic diversion valve 118. 

In operation, the embodiment illustrated in Fig. 8 functions as follows. 
The blower 12' provides a flow of gas at a substantially constant rate to the mask 24'. 
The exhaust port 26 allows the pressure in the conduit 22' to then remain substantially 
constant at the first select pressure. During an inhalation phase of a breathing cycle, the 
pneumatic diversion valve 1 1 8 would be seated so as to prevent flow of air through the 
diversion conduit 112. At the start of exhalation, the pressure in the conduit 22' would 
increase rapidly, as illustrated in phantom lines in Fig. 10. The pressure sensor would 
detect this rise in pressure and send a signal indicating this rise in pressure to the 
controller 132. If the rate at which pressure rises (i.e. the pressure slope) is greater than 
a select rate (e.g. 10 cm H 2 0/sec) the controller 132 will then send a signal to the 
pneumatic diversion valve 1 18 to actuate, whereby an internal valve cuts off gas flow 
from the diversion valve conduit 126 and allows the mushroom valve 122 to exhaust the 
actuating air through the exhaust port 124. Preferably, the controller will only actuate 
the pneumatic diversion valve if the positive pressure slope is detected after a select 
period of time (e.g., 200-300 milliseconds) has elapsed in the inspiratory phase. In other 
words, pressure has been at P htsh for 200-300 milliseconds in Fig. 10. In this manner, 
false positives are minimized. The sudden increase in pressure is indicated in the 
phantom line 150 of Fig. 10 at 152. Virtually simultaneously, the pressurized gas in the 
diversion conduit 1 12 will unseat the mushroom valve from the seat 120. A spring or the 
like may also be provided to bias the mushroom valve open. Thus, the flow of air 
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through che diversion conduit 1 12 to the threshold valve 1 14 will be enabled. If the 
pressure in the diversion conduit 112 exceeds the threshold pressure of the threshold 
valve, excess gas will be vented to die atmosphere through the exhaust outiet 116. The 
threshold valve 114 is designed to prevent flow of air at a pressure above ambient 
pressure but considerably below the pressure in the conduit 22' when the mushroom 
valve 122 is seated (i.e.. the second select pressure). Thus, the pressure in the diversion 
conduit 1 12 as well as the conduit 22' decreases and the amount of the air delivered to 
the patient through the mask 24' diminishes significantly, easing the opposition to the - 
patient exhaling. 

Upon the conclusion of an expiration phase of a breathing cycle, the 
pressure in the conduit 22' will spike downward due to patient triggering as indicated in 
at 154 Fig. 10. If the rate at which the pressure drops (i.e., the pressure slope) exceeds 
a select rate (again, about 10 cm H,0/sec), the controller 132 will determine that 
inspiration has begun and a signal will be sent to the pneumatic diversion valve 1 1 8 
causing actuation of valving within the pneumatic diversion valve 1 1 8 which causes flow 
of air through the diversion valve conduit 126 to actuate and extend the mushroom valve 
122 into contact with the seat 120. Simultaneously, of course, flow through the exhaust 
port 124 is prevented. The conduit 22' therefore quickly repressurizes to the initial (i.e., 
first select pressure or pressure thereby enhancing the respiratory assist available 
to the patient during inspiration. Preferably, the controller will only actuate the pneumatic 
diversion valve if the drop in pressure occurs after exhalation has been maintained for 
a select period (e.g., 200-300 milliseconds) to minimize false positives. In Fig. 1 0, the 
exhalation phase would correspond to P low . 

As a back-up procedure to actuate the pneumatic diversion valve in the 
event exhalation is occurring but at an insufficient rate to actuate the pneumatic valve, 
the controller will actuate the pneumatic valve open if at the end of inspiration the 
pressure rises some select amount over the first select pressure, typically 2 cm H,0. 
Likewise, at the end of an exhalation phase if the triggering rate of pressure decrease is 
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not detected, the controller will actuate the pneumatic valve closed when the pressure 
drops some select amount (e.g. ? 2 cm H : 0) below the second select pressure. 

A phantom line 139 in Fig. 8 represents schematically that the enclosed 
elements could be pan of a kit for installation in fluid communication with the conduit 
22'. The phantom line represents a housing for the kit. A diversion vent 110 is 
connected in fluid communication with the conduit 22' by a suitable connector between 
the diversion conduit 1 12 and the conduit 22'. 

Fig. 9 illustrates a modification of the embodiment 10' illustrated in Fig. 
8. This modification provides a threshold or PEEP valve 140 in fluid communication 
with the conduit 22' upstream from the pressure sensor 130 and the diversion vent 1 10. 
The threshold valve 1 4 0 is configured to vent through the outlet 1 42 any airflow from the 
blowerl2' in excess of that required to maintain pressure in the conduit 22' at a select 
pressure, that is, the first select or inspiratory pressure. The advantage of using the 
threshold valve 140 is that it is no longer necessary to maintain the output of the blower 
15 12' substantially constant in order to maintain a constant pressure in the conduit 22'. All 

that is required is that the blower maintain sufficient excess airflow to the outlet 20' so 
that airflow in excess of that necessary to maintain the select pressure in the conduit 22' 
can be vented through the outlet 142. The threshold valve 140 therefore affords a more 
precise and lower cost apparatus to maintain a constant pressure in the conduit 22* than 
20 that afforded by monitoring of the blower output described above with reference to Fts. 

7. As with the threshold valve 1 14, the threshold valve 140 is preferably adjustable to 
vary the first select pressure. This configuration is otherwise identical to that described 
above with regard to Fig. 8. 

A phantom line 143 in Fig. 9 represents schematically that the enclosed 
25 elements could be pan of a kit for installation in fluid communication with the conduit 

22\ The phantom line 143 represents a housing for the kit. The threshold valve 140 and 
is connected in fluid communication with the conduit 22' and downstream of the 
threshold valve 140 and is in fluid communication with both the conduit 22' and the 
diversion vent 1 1 0, as illustrated. A fluid tight seal is maintained by a suitable connector. 
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Both the embodiments illustrated in Figs. 8 and 9 include a pneumatically 
actuated diversion valve 1 1 8. Those skilled in the art would readily recognize that other 
valve structures are suitable for functioning as the diversion valve 1 1 8. For example, the 
mushroom valve 122 could be actuated by conventional electric solenoid thereby 
eliminating the need for diversion valve conduit valve 126 and the exhaust port 124 of 
the pneumatically actuated diversion valve. 

In the embodiments just described, the diversion valve 1 18 is actuated by 
detection in a change of the siope of the pressure curve 150 within the conduit 22', as 
illustrated in Fig. 10. In some instances, it may be advantageous to provide respiratory 
assist only during the initial period of the inspiration phase of a breathing cycle. Recent 
studies have shown that the diaphragm plays its most important role in the early phases 
of inspiration, whereas the chest wall muscles perform most of the work during the rest 
of the inspiration cycle. Thus, a more palliative mode of treatment employs the higher 
respiratory assist pressure only for a small portion of the inspiration phase necessary to 
relieve work of the diaphragm, and hence relieve dyspnea resulting from diaphragmatic 
fatigue, while diminishing the pressure in the conduit 22 1 to only slightly greater than 
ambient during the remainder of the inspiration phase where the chest muscles are 
assisting in breathing and during the exhalation phase. In order to provide this function, 
the controller would actuate the diversion valve 1 1 8 1 closed for only a select assist period 
upon detecting the start of the inspiration phase of a breathing cycle. While this period 
may vary from patient to patient, it is typically in the range of 0-300 milliseconds. The 
controller would therefore be programmed not to actuate the valve open at the detection 
of the beginning of an exhalation phase of a breathing cycle, but at the end of the select 
period. 

The configuration 10' could also be used for pressure control ventilation 
in a patient incapable of spontaneous breathing. In such an embodiment, the controller 
132 would alternately actuate the diversion valve to prevent gas flow through the 
diversion valve for a first select period of time and actuate the diversion valve to prevent 
gas flow through the diversion valve for a second select period of time, the first and 
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second select periods of times corresponding to a desired period of inspiration and a 
desired period of exhalation of a breathing cycle, respectively. Typically these periods 
range from 0.2-3 seconds. 

The embodiments discussed above provide a simple pneumatic 
configuration to enable a generator of a constant gas flow such as a blower 1 2' to be used 
to provide differing levels of pressure assist during the inspiration and exhalation phases 
of a breathing cycle. Other sources of gas flow, such as compressed gas, could be used 
as the flow generator. In this maimer, the pressure of the gas provided to the patient 
during exhalation can be reduced significantly from that provided during inspiration to 
enhance patient comfort and decrease the amount of work a patient must do in order to 
exhale properly. Use of the threshold or PEEP valve 140 in the embodiment illustrated 
in Fig. 9 eliminates the need for precise controls on the output of the blower 12\ which 
can further serve to reduce the cost of the apparatus while still providing the many 
advantages discussed above. Not only can this system be used to provide bi-level 
pressure support ventilation, it can also be programed to provide a burst of air for only 
a short period following the beginning of inspiration, thereby leaving the patients chest 
muscles to complete the inspiration phase. Finally, the controller could also be 
programed so as to provide pressure control ventilation to a patient unable to breath 
spontaneously. 
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CLAIMS 

1. A method of treating dyspnea and improving 
exercise tolerance in an ambulatory patient 
characterised in that the method comprises: 

5 (a) providing a housing (12) defining a form factor 
having an air inlet (18) and an air outlet (20), 
the housing (12) being sufficiently small to be 
readily mounted to the body of an ambulatory 
patient ( 39 ) ; 

10 (b) providing a pressure generator (41) within the 
defined form factor of the housing (12) for 
drawing ambient air in the air inlet (18) and 
delivering the air at a select pressure greater 
than an ambient pressure to the air outlet (20); 

15 (c) releasably attaching the housing (12) to the body 
of the patient (39) ; 

(d) conveying the pressurized air to the airway of the 
patient; and 

(e) maintaining a pressure in the airway sufficiently 
2 0 greater than ambient pressure to relieve the 

dyspnea of the ambulatory patient. 

2. A method as claimed in Claim 1 further comprising: 

(f) providing means for varying the select pressure; 
and 

25 (g) varying the select pressure as necessary to 

prevent occurrence of dyspnea while minimizing 
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patient discomfort . 



3. A method as claimed in Claim 1 or 2 further 
comprising in step (b) filtering the air before the air 
outlet (20). 



5 4. A method as claimed in any preceding claim further 
comprising: 

(f) alerting the patient when the electric source is 
sufficiently depleted that the pressure generator 
will cease operating within a select period of 
10 time. 



5. A method as claimed in any preceding claim further 
comprising: 

(f) providing supplemental oxygen between the air 
inlet (18) and the air outlet (20) to yield a 
15 select elevated concentration of oxygen. 

6 . A method as claimed in any preceding claim wherein 
the pressure generator (41) is electrically powered, 
the method further comprising: 

(f) providing an electric source (52) electronically 

20 coupled to the pressure generator (41) within the 
housing ( 12 ) . 

7. A method as claimed in any preceding claim wherein 
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in step (e) the airway pressure is maintained at about 
a first select pressure greater than ambient pressure 
during inspiration and at about a second select 
pressure greater than ambient pressure during 
5 exhalation, the first select pressure being greater 
than the second select pressure. 

8. A method as claimed in Claim 7 wherein in step (e) 
the first select pressure is maintained at a level 
providing respiratory assist to the ambulatory patient 

10 during at least the inception of inspiration and the 
second select pressure is maintained at a level which 
serves to keep the alveoli from collapsing prior to the 
inception of inspiration. 

9. A method as claimed in Claim 8 wherein in step (e) 
15 the first select pressure is maintained for only a 

portion of inspiration at the inception of inspiration. 

10. A method as claimed in any of Claims 7 to 9 
further comprising: 

(f) monitoring the airway pressure and after the 
20 pressure drops at a first select rate, maintaining 

the first select airway pressure and after the 
pressure rises at a second select rate, 
maintaining the second select airway pressure. 
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11. Apparatus (10) for treating dyspnea and improving 
exercise tolerance in an ambulatory patient 
characterised in that the apparatus comprises : 

a housing (12) defining a form factor having an 
5 air inlet (18) and an air outlet (20) , the housing (12) 
being sufficiently small to be readily mounted to the 
body of an ambulatory patient (39); 

a pressure generator (41) within the defined form 
factor of the housing (12) for drawing ambient air into 
10 the air inlet (18) and delivering the air at a select 
pressure greater than ambient pressure to the outlet 
(20); 

a strap (14) on the housing (12) for releasably 
attaching the housing (12) to the patient (39); 
15 a flexible conduit (22) attached at a proximal end 

to the air outlet (20) of the housing (12); 

a connector (24) attached at a distal end of the 
conduit (22) for connecting the distal end of the 
conduit (22) to an airway of the patient (39); and 
20 a releasable coupling (28) between the strap (14) 

and the connector (24). 

12. Apparatus as claimed in Claim 11 wherein the 
pressure generator (41) is electrically powered. 

13. Apparatus as claimed in Claim 12 further 

25 comprising an electric source (52) within the housing 
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(12) electronically coupled to the pressure generator 
(41). 

14. Apparatus of Claim 11 further comprising a means 
(56) for introducing oxygen between the air inlet (18) 

5 and the air outlet (20) to deliver air to the outlet 
(20) at a select elevated concentration of oxygen. 

15. Apparatus as claimed in any of Claims 11 to 14 
wherein the connector (24) is a nose piece. 

16. Apparatus as claimed in any of Claims 11 to 14 
10 wherein the connector (24) is a mouth piece. 

17. Apparatus as claimed in any of Claims 11 to 14 
wherein the connector (24) is a face mask. 

18. Apparatus as claimed in any of Claims 11 to 14 
wherein the connector (24) is a tracheostomy fitting. 

15 19. Apparatus as claimed in any of Claims 11 to 18 

further comprising a means (34) for varying the select 
pressure delivered to the outlet (20). 

20. Apparatus for treating dyspnea and improving 
exercise tolerance in an ambulatory patient 
20 characterised in that the apparatus comprises: 
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a housing (12) defining a form factor having an 
air channel (40) with an air inlet (18) and an air 
outlet (20), the housing (12) being sufficiently small 
to be readily mounted to the body of an ambulatory 
5 patient (39); 

a pressure generator (41) within the defined form 
factor of the housing (12) for drawing ambient air into 
the air inlet (18) and delivering the air at a select 
pressure greater than ambient pressure to the outlet 
10 (20); 

a strap (14) on the housing (12) for releasably 
attaching the housing (12) to the patient (39); 

a flexible conduit (22) attached at a proximal end 
to the air outlet (20) of the housing (12); 
15 a connector (24) attached at a distal end of the 

conduit (22) for connecting the distal end of the 
conduit (22) to an airway of the patient (39); 

an oxygen regulator (56) in fluid communication 
with the air channel (40) within the form factor. 
2 0 a means (57) for connecting the oxygen regulator 

(56) to a supplemental oxygen supply; and 

a means (50) coupled to the regulator (56) for 
controlling the regulator (56) to introduce 
supplemental oxygen in the air channel (40) to provide 
25 a select elevated concentration of oxygen at the air 
outlet (20) . 
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21. Apparatus for delivering pressurized gas to the 
airway of a patient who is breathing in repeated 
breathing cycles each including an inspiration and an 
exhalation phase characterised in that the apparatus 
5 comprises : 

a generator (41) of a flow of gas? 

a conduit (22) for conveying the flow of gas to 
the airway of the patient at a first select pressure; 

an exhalation port (26) in fluid communication 
10 with the conduit in operative association with the 
patient airway for passing exhaled gas to the 
atmosphere; 

a pressure sensor (130) in fluid communication 
with the conduit (22) , the pressure sensor (130) 
15 outputting a signal indicative of the pressure in the 
conduit (22); 

a diversion vent (110) having an inlet (112) in 
fluid communication with the conduit (22); 

a diversion valve (118) in fluid communication 
20 with the diversion vent (110) for selectively 

permitting and preventing a portion of the flow of gas 
to flow through the diversion vent (110); 

a first threshold valve (114) operatively 
associated with the diversion vent (110) for permitting 
25 outlet of gas to the atmosphere when the pressure in 
the diversion vent (110) is above a second select 
pressure; and 
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a control means (132) receiving the signal from 
the pressure sensor (130) and operatively associated 
with the diversion valve (118) , the control means (132) 
actuating the valve (118) to permit gas flow through 
5 the diversion vent (110) when the signal indicates an 
increase in pressure at a first select rate and 
actuating the valve (118) to prevent flow through the 
diversion vent (110) when the signal indicates a 
decrease in pressure at a second select rate. 



10 22. Apparatus of Claim 21 further comprising a means 
(74, 78, 88) associated with the generator (41) for 
causing the generator (41) to generate a substantially 
constant flow rate of gas . 



23. Apparatus as claimed in Claim 21 or 22 further 
15 comprising a second threshold valve (118 f 120) in fluid 
communication with the conduit (22), the second 
threshold valve (118, 120) permitting outlet of gas to 
the atmosphere when the pressure in the conduit (22) is 
above the first select pressure, 

20 24. Apparatus as claimed in any of Claims 21 to 23 
wherein the generator (41) comprises: 
an electric motor (42); 

a blower (44) driven by the electric motor (42); 
an electric source (52) coupled to the motor (42); 
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a means (74, 78) for producing a blower signal 
indicative of the blower output; and 

a controller (88) receiving the blower signal, the 
controller (88) being coupled to the electric source 
5 (52) to increase or decrease current or voltage to the 
motor (42) as required to maintain a substantially 
constant rate of air flow output of the blower (44). 

25. Apparatus as claimed in Claim 23 further 
comprising a means (132) operatively associated with 

10 the second threshold valve (118 r 120) for varying the 
first select pressure. 

26. Apparatus of Claim 21 further comprising a means 
operatively associated with the first threshold valve 
(114) for varying the second select pressure. 

15 27. Apparatus as claimed in any of Claims 21 to 26 

wherein the control means (132) will actuate the valve 
(118) to permit gas flow through the diversion vent 
(110) only if the increase in pressure at the first 
select rate is detected after the pressure sensor (130) 

20 has indicated pressure at the first select pressure for 
longer than a select period. 

28. Apparatus as claimed in Claim 28 wherein the 
select period is about 200-300 milliseconds. 
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29. Apparatus as claimed in any of Claims 21 to 28 
wherein the control means (132) will actuate the valve 
(118) to prevent gas flow through the diversion vent 
(110) only if the decrease in pressure of the second 

5 select rate is detected after the pressure sensor (130) 
has indicated pressure at the second select pressure 
for longer than a second select period. 

30. Apparatus of Claim 29 wherein the select period is 
about 200-300 milliseconds. 

10 31. Apparatus for delivering pressurized gas to the 
airway of a patient who is breathing in repeated 
breathing cycles each including an inspiration and an 
exhalation phase characterised in that the apparatus 
comprises : 

15 a generator (41) of a flow of gas; 

a conduit (22) for conveying the flow of gas to 
the airway of the patient (39) at a first select 
pressure; 

an exhalation port (26) in fluid communication 
20 with the conduit (22) in operative association with the 
patient airway for passing exhaled gas to the 
atmosphere ; 

a pressure sensor (130) in fluid communication 
with the conduit (22) , the pressure sensor (130) 
25 outputting a signal indicative of the pressure in the 
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conduit ( 22 ) ; 

a diversion vent (110) having an inlet (112) in 
fluid communication with the conduit (22); 

a diversion valve (118) in fluid communication 
5 with the diversion vent (110) for selectively 

permitting and preventing a portion of the flow of gas 
to flow through the diversion vent (110); 

a first threshold valve (114) operatively 
associated with the diversion vent (110) for permitting 
10 outlet of gas to the atmosphere when the pressure in 
the diversion vent (110) is above a second select 
pressure; and 

a control means (132) receiving the signal from 
the pressure sensor (130) and operatively associated 
15 with the diversion valve (118), the control means (132) 
actuating the valve (118) to prevent flow through the 
diversion vent (110) when the signal indicates a 
decrease in pressure at a first select rate and 
actuating the valve (118) to permit flow through the 
20 diversion vent (110) at the conclusion of a select 

period after the valve (118) was actuated to prevent 
flow through the diversion vent (110). 

32. Apparatus as claimed in Claim 31 wherein the 
select period is about equal to the time it takes a 
25 patient's chest muscles to assume most of the work of 
an inspiration phase of a breathing cycle. 
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33. Apparatus as claimed in Claim 31 or 32 further 
comprising a second threshold valve (118, 120) in fluid 
communication with the conduit (22), the second 
threshold valve (118, 120) permitting outlet of gas to 

5 the atmosphere when the pressure in the conduit (22) 
upstream of the second threshold valve (118, 120) is 
above the first select pressure. 

34. Apparatus as claimed in any of Claims 31 to 33 
further comprising a means (74, 78, 88) associated with 

10 the generator (41) for causing the generator (41) to 
generate a substantially constant flow rate of gas. 

35. Apparatus of Claim 33 further comprising a means 
operatively associated with second threshold valve 
(118, 120) for varying the first select pressure. 

15 36. Apparatus as claimed in any of Claims 31 to 35 

further comprising a means operatively associated with 
the first threshold valve (114) for varying the second 
select pressure. 

37. A kit for modifying a respiratory assist device 
20 from a continuous positive airway pressure (CPAP) to a 
bi-level pressure support assist device, the 
respiratory assist device comprising a generator of a 
substantially consistent first select pressure flow of 
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gas and a conduit for delivering the flow gas to the 
airway of a patient, characterised in that, the kit 
comprises : 

a diversion vent (110) having an inlet (112) 
5 adapted for connection in fluid communication with the 
conduit (22) of the respiratory assist device; 

a pressure sensor (130) in fluid communication 
with the diversion vent (110) , the pressure sensor 
(130) outputting a signal indicative of the pressure in 
10 the diversion vent (110); 

a diversion valve (118) in fluid communication 
with the diversion vent (110) downstream of the 
pressure sensor (130) for selectively permitting and 
preventing flow of gas through the diversion vent 
15 (HO); 

a first threshold valve (114) operatively 
associated with the diversion vent (110) for permitting 
flow of gas to the atmosphere when the pressure in the 
diversion vent (110) is above a second select pressure; 
20 and 

a control means (132) receiving the signal from 
the pressure sensor (130) and operatively associated 
with the diversion valve (118), the control means (132) 
actuating the valve (118) to permit gas flow through 
25 the diversion vent (110) when the signal indicates an 
increase in pressure at at least a first select rate 
and actuating the valve (118) to prevent flow through 
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the diversion vent (110) when the signal indicates a 
decrease in pressure at at least a second select rate. 

38. A kit as claimed in Claim 37 further comprising a 
second threshold valve (140) having an inlet adapted 

5 for connection in fluid communication with the conduit 
(22) of the respiratory assist device upstream from the 
diversion vent (110), the second threshold valve (140) 
permitting outlet (142) of gas to the atmosphere when 
the pressure in the conduit (22) is above the first 
10 select pressure. 

39. A kit for modifying a respiratory assist device 
from a continuous positive airway pressure (CPAP) to a 
bi-level pressure support assist device, the 
respiratory assist device comprising a generator of a 

15 substantially consistent first select pressure flow of 
gas and a conduit for delivering the flow gas to the 
airway of a patient, characterised in that the kit 
comprises : 

a diversion vent (110) having an inlet (112) 
20 adapted for connection in fluid communication with the 
conduit (22) of the respiratory assist device; 

a pressure sensor (130) in fluid communication 
with the diversion vent (110), the pressure sensor 
(130) outputting a signal indicative of the pressure in 
25 the diversion vent (110); 



46 



WO 99/13931 



PCT/IE98/00079 



a divers ion valve (118) in fluid communication 
with the diversion vent (110) downstream of the 
pressure sensor (130) for selectively permitting and 
preventing flow of gas to flow through the diversion 
5 vent (110); 

a first threshold valve (114) operatively 
associated with the diversion vent (110) for permitting 
flow of gas to the atmosphere when the pressure in the 
diversion vent (110) is above a second select pressure; 
10 and 

a control means (132) receiving the signal from 
the pressure sensor (130) and operatively associated 
with the diversion valve (118), the control means (132) 
actuating the valve (118) to prevent flow through the 

15 diversion vent (110) when the signal indicates a 
decrease in pressure at a first select rate and 
actuating the valve (118) to permit flow through the 
diversion valve at the conclusion of a select period 
after the valve (118) was actuated to prevent flow 

20 through the diversion vent (110). 

40. A kit for modifying a respiratory assist device 
from a continuous positive airway pressure (CPAP) to a 
bi-level pressure support assist device, the 
respiratory assist device comprising a generator of a 
25 substantially consistent first select pressure flow of 
gas and a conduit for delivering the flow gas to the 
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airway of a patient , characterised in that the kit 
comprises : 

a diversion vent (110) having an inlet (112) 
adapted for connection in fluid communication with the 
5 conduit (22) of the respiratory assist device; 

a pressure sensor (130) in fluid communication 
with the diversion vent (110), the pressure sensor 
(130) outputting a signal indicative of the pressure in 
the diversion vent (110); 

10 a diversion valve (118) in fluid communication 

with the diversion vent (110) downstream of the 
pressure sensor (130) for selectively permitting and 
preventing a portion of the flow of gas to flow through 
the diversion vent (110); 

15 a first threshold valve (114) operatively 

associated with the diversion vent (110) for permitting 
flow of gas to the atmosphere when the pressure in the 
diversion vent (110) is above a second select pressure; 
and 

20 a control means (132) receiving the signal from 

the pressure sensor (130) and operatively associated 
with the diversion valve (118), the control means (132) 
actuating the valve (118) to permit gas flow through 
the diversion vent (110) when the signal indicates an 

25 increase in pressure of at least a first select amount 
above the first select pressure and actuating the valve 
(118) to prevent flow through the diversion vent (110) 
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when the signal indicates a decrease in pressure of at 
least a second select amount below the second select 
pressure . 

41. An apparatus for delivering pressurized gas to 
5 the airway of a patient who is breathing in repeated 

breathing cycles, each including an inspiration and an 
exhalation phase, characterised in that the apparatus 
comprises : 

a generator (41) of a flow of gas; 
10 a conduit (22) for conveying the flow of gas to 

the airway of the patient (39) at a first select 
pressure . 

an exhalation port (26) in fluid communication 
with the conduit (22) in operative association with the 
15 patient airway for passing exhaled gas to the 
atmosphere; 

a pressure sensor (130) in fluid communication 
with the conduit (22), the pressure sensor (130) 
outputting a signal indicative of the pressure in the 
20 conduit (22); 

a diversion vent (110) having an inlet in fluid 
communication with the conduit (22); 

a diversion valve (118) in fluid communication 
with the diversion vent (110) for selectively 
2 5 permitting and preventing flow of gas through the 
diversion vent (110); 
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a first threshold valve (114) operatively 
associated with the diversion vent (110) for permitting 
outlet of gas to the atmosphere when the pressure in 
the diversion vent is above a second select pressure; 
5 and 

a control means (132) receiving the signal from 
the pressure sensor (130) and operatively associated 
with the diversion valve (118) , the control means (132) 
actuating the valve (118) to permit gas flow through 

10 the diversion vent (110) when the signal indicates an 
increase in pressure at least a first select amount 
above the first select pressure and actuating the valve 
(118) to prevent flow through the diversion vent (110) 
when the signal indicates a decrease in pressure of at 

15 least a second select amount below the second select 
pressure . 
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